Background -Threshold loading with the Nickerson and Keens' device is frequently applied in the training and assessment of inspiratory muscles. However, this equipment is not easily applied in clinical practice and training. A study was therefore designed to investigate the accuracy and reliability of the Threshold, a commercially available threshold loading device. Methods -The resolution (accuracy) of the system was determined by measuring variation of pressure and flow during one minute in an experimental setup. The reproducibility and flow independence were then determined during threshold loading at six different inspiratory loads between 25% and 50% maximal inspiratory pressure (Pimax) in 10 patients with chronic obstructive pulmonary disease (COPD) and eight healthy subjects. Results -In the first experiment the mean variation of the sustained pressure for all loads was 1-7%. The mean coefficients of variation for pressure and flow measurements were 0-2% and 3%, respectively. In the second experiment the healthy subjects showed mean coefficients ofvariation for pressure and flow of 0-8% and 20-5%, respectively, and the patients showed mean coefficients of variation of 0-6% and 14-5%, respectively. Conclusions -During the in vitro experiment as well as during the experiments in patients with COPD and in healthy subjects only small variations in pressure were observed despite large variations in flow. The Threshold is a reliable and reproducible device for loading inspiratory muscles in patients with COPD as well as in healthy subjects. (Thorax 1996;51:601-605) 
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89 (14) 62 (14) Pimax (cm HO) 79 (14) 97 (17) Pimax (%o pred) 20 Hz. The first four minutes were used to habituate the subject to loaded breathing. Duty cycle (ratio of inspiratory time (Ti) and respiratory cycle time (TTOT), Ti/ TTOT) and respiratory rate (RR) were calculated from the pressure tracing. Transcutaneous oxygen saturation was measured at rest and during loaded breathing in order to exclude patients with hypoxaemia.
SUBJECTS
Ten patients with severe COPD and eight healthy subjects matched for age and sex were studied. Inclusion criteria included FEV, less than 40% of the predicted value, age 45-75 years, no cardiac diseases, absence of other serious illness (e.g. cerebrovascular diseases, rheumatism, arthritis, and malignancy). The healthy subjects were between 45 and 75 years old, had normal lung function, and no pathological conditions. The characteristics of the patients and healthy subjects included in the study are presented in table 1. The procedure was explained to all the subjects and informed consent was obtained. The study was approved by the medical ethical board of the Vrije Universiteit Hospital.
MATERIALS
The inspiratory resistance (Threshold, HealthScan Products, New Jersey, USA) consists of a plastic cylinder and a valve which is pushed on the inspiratory port by a spring (fig  1) . The inspiratory load is adjustable by loading the spring. In order to obtain pressures over 45 cm H20 an additional spring is inserted with a double spring constant. The preset load was adjusted from the markers on the Threshold. Gradations on the device are given every 2 cm H20. Using the spring with the double spring constant, all values on the Threshold had to be doubled. The Threshold was attached to the inspiratory port of the Hans Rudolph valve (Kansas City, Missouri, USA); expiration was unimpeded. The inspiratory flow was registered by a mass flow sensor (Spirolog, Drager, Germany), and the mouth pressure with a pressure transducer (P1OEZ, Gould Electronics) and an oscilloscope (Monitor 870, Datascope, Paramus, New Jersey, USA). Flow and pressure signals were digitised and stored in a computer (Olivetti M250). The software FAMS-LAB (Department of Psychology, Faculty of Human Movement Sciences, Free University) was used for data acquisition. Data analysis was carried out with the aid of PC-MATLAB (The MathWorks Inc, South Natick, NA). Lung function in patients and healthy subjects was measured with a wet spirometer (Pulmonet III, Sensormedics, Bilthoven, The Netherlands) and transcutaneous oxygen saturation with Nellcor 100 (Drager, Germany).
In the first experiment a vacuum pump (Z25, Electrolux, The Netherlands) and an adjustable transformer (Philips, The Netherlands) were used.
DATA ANALYSIS
In the first experiment variation of pressures (maximum minus minimum values -that is, the mean range) during the one minute measurement was compared with the mean lysed for patients and healthy subjects in the same way as described above. The duty cycle was calculated for each individual at each inspiratory load. In the first experiment the mean variation of the sustained pressure for all loads was 1-7% )B and the mean coefficients of variation of pressure and flow measurements were 0-2% and 3%, respectively. opening of the valve is possibly due to decompression of air in the system and the In the second experiment the healthy subjects showed mean coefficients of variation for pressure and flow of 0-8% and 20-5%, respectively, and the mean coefficients of variation for the pressure and expressed as a percentage of the patients were 0-6% and 14-5%, respectively mean pressure. This provides information on (fig 3) . This means that, although inspiratory the resolution (accuracy) of the system. The flow showed large fluctuations due to admeans and standard deviations of peak flow aptations in the pattern of breathing, inand peak pressure were also calculated for each spiratory pressure remained constant. In load. The coefficients of variation of pressure addition, the mean coefficients of variation for and flow were then compared to determine the flow were significantly higher in the healthy influence of changes in flow upon the pressure. subjects than in the patients (p<005). TI/TToT Finally, the preset and the recorded pressure showed only minor changes during the period were compared by calculating the mean and of loaded breathing with coefficients of varithe standard deviation of the difference be-ation for the healthy subjects and the patients tween these pressures. '9 of 2-1% and 2-5%, respectively (fig 4) . In In the second experiment the reproducibility addition, no changes were observed between of the Threshold was studied by calculating different levels of loaded breathing. However, the mean and standard deviation of the peak TI/TToT showed significant differences bepressure during one minute at each load. The tween patients (0 37 (0 06)) and healthy subindependence of flow and pressure was ana-jects (0 51 (0-08); p<0-0001). The The respiratory rate increased with higher inspiratory loads but duty cycle did not alter.
Reconstructed recordings of (A) pressure and (B) flow during breathing This contrasts with earlier studies6"' which obthrough the Threshold for one minute in a healthy subject (note that the seventh breath is a sigh) and of (C) pressure and (D) flow in a patient with chronic obstructive pulmonary disease. group.bmj.com on June 24, 2017 -Published by http://thorax.bmj.com/ Downloaded from the original one way valve with a closed valve of a similar diameter and weight.
The conclusion that a fairly constant pressure is obtained with the Threshold device does not automatically mean that a constant power output of the inspiratory muscles is assured. The product of pressure and time (pressuretime product) over a given period of time gives more insight into the power output of the respiratory muscles.2" In the formula: Pi x Ti x RR = Pi x n x 1 /TTOT = PI x Ti/ TTOT where Pi = inspiratory pressure, Ti = inspiratory time, TTOT = respiratory cycle time, RR = respiratory rate. As we found a very low coefficient of variation for the duty cycle (-2%), this means that the pressuretime product was also constant. The Threshold device was therefore able to generate a constant power output of the inspiratory muscles.22 PRACTICAL 
IMPLICATIONS
The assessment of respiratory muscle endurance and training ofrespiratory muscles was successful in various studies with the Nickerson and Keens' system.5 121320 For the implementation of these findings in clinical practice a commercially available device is required.
Our study shows that the Threshold meets the demands for reliable inspiratory loading in both assessment and training of inspiratory muscles.
Recent studies on respiratory muscle training report that, not only is improvement of endurance and strength of the respiratory muscles achieved, but improvements were also observed in exercise capacity and dyspnoea during activities of daily living in patients with ventilatory limitation during exercise.'22324 All these studies have in common the careful control of the target pressure during training, one of them with threshold loading.12 This suggests that the reliability of the inspiratory load is essential.
However, no data are presently available to support resistive or threshold loading as the training method of choice. Threshold loading requires build up of negative pressure before flow occurs, and hence is inertial in nature. Whether resistive loading or inertial loading produce different training effects remains to be studied. 25 Belman et a126 observed similar work of breathing during resistive and threshold loading. Application of the solenoid valve has the disadvantage of pressure generation only at the onset of inspiration, resulting in a significantly lower pressure-time product compared with the weighted plunger device. '5 An area for the specific application of threshold loading could be training of inspiratory muscles in patients during weaning from mechanical ventilation. As these patients are frequently unable to cooperate actively with the training, a load independent of breathing pattern -that is, threshold loading -is necessary.
In conclusion, this study shows that during threshold loading only small variations in pressure were observed despite large variations in flow. In addition, the pressure-time product was constant during loaded breathing. The Threshold is therefore a reliable and reproducible device for loading inspiratory muscles.
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